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The object of this thesis is to show the relative cost 
of instruction in the various shops of the University, and to 
devise a system for keeping a record of the material used in the 
operation of the shops.
By cost of instruction is meant - 
Salarias 
Material 
Upkeep of Shop
Interest and Depreciation on Equipment.
There has been no account taken for the value of the 
buildings and ground, nor of the power, which is furnished by 
the University Power Plant. Of this latter, we have no record.
If the killowatt hours were known, it could be taken into con­
sideration. However, by leaving these two items out, the cost 
obtained is that which is charged up directly to the Mechanical 
Engineering Department, and paid for out of Current Account,
Shop Practice, Equipment,and Salary funds. The Building De­
partment also furnishes a janitor who spends the greater part of 
his time in cleaning the shops. This expense has also been neg­
lected in calculating this data.
A record of all the expenditure for the shops has been 
kept in the office of the Assistant Professor of Machine Con­
struction for the last four years, and it was from this record 
that the information has been taken. No data could be secured 
previous to that time.
The information secured is shown in the form of curves, 
no tabulated results being given. The years have been used as
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abscissae and the cost in dollars as ordinates. There are four 
sets of curves for each of the above listed items, and then the 
total or combined cost is shown, making five sets in all. The 
first sheet shows the relative cost per shop; the second, the 
percentage of the total amount spent for each shop; the third, 
the cost per student; and the fourth, the cost per credit hour 
per student per shop.
In the cost per student, the Machine Shop is consider­
ably the highest, due to the fact that thirty-six weeks work, 
eight hours per week are required of each student, while in the 
Pattern Shop, only eighteen weeks and the Forge and Foundry only 
nine weeks work, the same number of hours per week,are required.
The cost per student credit hour gives a more even basis 
for comparing the relative cost. In this, however, the Machine 
Shop is again at a disadvantage. In the Pattern Shop, Foundry 
and Forge, three credit hours are given for eight hours work per 
week per semester, while in the Machine Shop, two and one-half 
credit hours are given for the same amount of time. For this 
reason, to make a correct comparison of costs based on the actual 
time put in by the student, the values for the Machine Shop 
should be decreased by one-sixth.
There are also curves drawn showing the number of stu­
dents per instructor. By this is meant the actual number of 
students per instructor working in the shop at one time.
The floor space per student working in the shop is also 
shown. All of the shops are crowded, therefore, this is not a 
fair basis upon which to judge the room necessary per student 
in shops of this kind. It is more nearly the minimum amount re­
quired.
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- Salaries -
The following set of curves show the cost of actual 
instruction in the shops. This includes only the salaries of 
the instructors in each shop, one tool room attendant in each 
the Pattern and Machine Shops, and the salary of the Professor 
in Charge divided proportionately among the shops.
About the middle of the year 1907-08, an additional 
instructor was secured for the Machine Shop. Also, the instruct­
or in charge of the Foundry was given an assistant at the begin­
ning of that year. This accounts for the large rise in the curves 
for these two shops.
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- Cost of Material
This data includes all of the raw material purchased 
by the various shops for instructional purposes, such as -
Pattern Shop: Lumber, Glue, Nails, Screws, Sand paper, etc.
Foundry: Pig Iron, Coke, Sand, Core making materials,
Facings, etc.
Forge Shop: Steel, Coal, etc.
Machine Shop: Steel, Castings, Bolts, Screws, etc.
Here again the Machine Shop is considerably the highest. 
The material is the most expensive, and more time is put in for 
a credit hour than in the other shops. It will be seen that for 
the year 1906-07, the cost per student in the Machine Shop was 
considerably higher than for the following years. During that 
year, the old number twelve exercise and the large cast iron gears 
were used. These were extra heavy, and a great many were spoiled 
by the students, sometimes two or three being made before one 
would be accepted by the instructor. This made the cost of the 
castings considerably more.
The number of students was also less, and the cost of 
material for operating the shop does not vary directly as the 
number of students taking the work. Hence, the increased cost 
per student.
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- Cost of Upkeep of Shops -
The following curves show the cost of the upkeep of the 
shops. This includes the cost of all repairs to the machinery, 
slight building repairs, cost of material used in repairs, clean­
ing, etc. The regular janitor's payroll is not included, as he 
is paid by the Building Department. It does, however, include 
all cleaning done by the students and outside men. Also, a tool 
room boy in the Machine Shop and Pattern Shop. One mechanician 
is employed in the Machine Shop to make repairs for the various 
shops, and also to do work brought in by outside departments.
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- Equipment per Shop -
The total equipment was obtained from the annual inven­
tory taken in June, at the end of each school year. 'This includes 
all machinery, small tools, motors, belting, pulleys, shafting, 
etc. The depreciation and interest was taken as ten percent, 
which the writer thinks is a fair value for these items. The 
value of the buildings is not included in this data.
It will be seen that the equipment is gradually on the 
increase. The Forge Shop took a sudden increase in 1908-09, due 
to the enlargement of the shop. Five four-fire forges were de­
signed, built and installed by the University.
The increased cost per student and per student credit 
hour in the Machine Shop in 1906-07 was due to the fact that the 
attendance was about twenty-two percent less than for the follow­
ing years, while the depreciation and interest was only slight­
ly less.
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- Total Cost of Operating the Shops -
The following set of curves shows the total cost of 
operating the shops, including -
Salaries 
Material 
Upkeep of Shops
Depreciation and Interest on Equipment.
The curve for the Machine Shop shows a much lower cost 
per student and per student credit hour for the year 1907-08 
than for the other years. In 1906-07, the number of students 
was considerably less than for the other years, thus making the 
cost of each item higher. Heavier exercises were used, making the 
material cost more. In 1908-09 an additional instructor was 
added to the force and the small grinding machine was developed. 
All of these tend to increase the cost for the years 1906-07 
and 1908-09.
In 1907-08 an additional instructor was put on in the 
Foundry. This is the cause of the increase in cost for the years 
after that date.
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- Equipment Purchased per Year for each Shop
The following two sheets of curves show the distribu­
tion of the money spent for equipment among the various shops. 
These curves are very irregular, showing that the money is not 
proportioned equally among the shops, but used for that one in 
which it is thought that it will do the most good.
In the Machine Shop in 1907-08, a number of new lathes 
were added. These were necessary in order to care for the in­
creased enrollment.
In the Pattern Shop, 1906-07, a number of new benches
were made.
In the Forge Shop, during the summer of 1908, addition­
al space was added and five four-fire forges were designed and 
made in the University Shops.
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- Floor Space per Student -
The square feet of floor space per student shown by the 
following curves includes the machine and bench rooms, tool rooms, 
and lockers, The basements, used for storage purposes, are not 
considered. The Machine Shop has only a small basement, more stor­
age room being badly needed. In the Pattern Shop, the basement 
covers the entire floor area, but is not finished, and only a 
small part of it is used, i.e., the dry kiln and lumber storage.
The Foundry basement also covers the entire floor area. This is 
used to good advantage, for storage purposes, blower outfit, rat­
tler, and emery wheel. The Forge Shop has no basement. The coal 
is stored in bins outside and brought in on trucks.
The attendance in the Machine Shop was about twenty-two 
percent less for the year 1906-07 than for the following years, 
therefore, the drop in curve. During the summer of 1908, the 
Forge shop was enlarged. Five four-fire forges were designed and 
built by the University. This new addition is now the main 
forge shop, the old one being used for the extra large sections 
and Agricultural students.
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- Number of Students per Instructor per Shop -
By the number of students per instructor is meant the 
number actually working in the shop at one time. The total num­
ber is divided up into sections, and the average of these sections 
for the year taken in determining this data.
In the Machine Shop an additional instructor was put on 
the first of January, 1908. In 1906-07, the Foundry only had one 
instructor, while for the following years there have been two.
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A letter, with a set of questions attached, was sent to 
a number of Universities with the request that they fill in the 
answers and return to us. All but one or two of these were re­
turned. The idea was to collect data regarding the cost of in­
struction per student, etc. from these different Universities 
and make a comparison. However, the work given and the time re­
quired varied so much that it was practically impossible to make 
a comparison that would be of any value.
The following set of curves showing the number of stu­
dents per instructor in the shops was secured from this data.
In all but the four Universities mentioned, the number of sections, 
the time required, or some other data could not be determined, 
therefore, further comparison with other schools was impossible.
It will be seen that the University of Illinois ranks 
rather high among these, the Pattern Shop being nearly thirty 
percent above that of the other three.
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A System for keeping a Record of the 
Material used in the Operation of the Shops
•
Shops used for instructional purposes differ' so widely 
from those in the commercial world that it is almost impossible 
to apply the latter shop systems to their use.
Primarily, the instructors duty is to teach the student 
and not to look after the cost side of the shop. His time is 
spent in this instructional work, and any cost system that re­
quires much clerical work is out of the question. However, a 
record of some kind must be kept, and it is the purpose of the 
writer to suggest a system of this kind, entailing as little 
extra labor as possible, and yet to give the essential information.
It is impossible to keep a record of all material used, 
for instance, nuts, washers, screws, etc., while on the other 
hand, it is necessary to know the amount of steel or castings 
on hand. Just where this dividing line shall be drawn is hard 
to say, and must be determined by the man in charge. This flex­
ibility factor suggests a card system which may be applied to any 
number of items, and extended at any time.
With the above view in mind, cards have been gotten up 
for the following -
Patterns
Material
Heat and Casting Record 
Total Record of Heats.
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- Pattern Card -
pattern no. date: ordered date made: material DRAWING Ho.
_PE-scRtmorv____________
FOR
cHan<3e:d
cost o r piate-rial
COC.T o r 1 A BOR
Total
A record of the patterns should always be kept, and the 
above card is proposed for this purpose. As will be seen, it will 
contain the pattern number, date ordered, date made, kind of mat­
erial, and number of drawing.
Under description should be given the name of the pat­
tern, e.g., Cylinder, University of Illinois Gasoline Engine.
If at any time the pattern is altered, the date and in general 
what the change is should also be put on the card. Lastly, a 
record of the cost should be made.
One of these cards should be made out for every pattern. 
If at any time the pattern is discarded, it should be marked on 
the car$, and if scrapped, the card destroyed. The patterns for 
any one machine should be numbered consecutively, and filed accord­
ing to the numbers in the office of the Assistant Professor of 
Machine Construction.
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The above card is suggested for keeping a record of the 
material received and used. The amounts should be carried in 
totals so that the last item would always show the total amount 
received or used. This card should be used for all of the leading 
materials used in the Shop. For the miscellaneous supplies, as 
found in the tool room, i.e., nails, screws, bolts, sand paper, 
etc., a record of this kind would involve more labor than the in­
formation would be worth. However, for lumber, coke, pig iron, 
steel, etc. this could be handled with very little trouble.
Pattern Shop: The lumber is the leading item for this shop.
Stock should only be cut on order, and when the work is completed, 
the order returned to the tool room, where it could be posted on 
the record card. The stock should be cut in amounts sufficient 
for the class, and not as the individual student requires it, 
thus doing away with entries for a very small.amount.
Foundry: In the Foundry this card should be used for the
raw material, i.e., coke, pig iron, copper, tin, etc., and also 
for the castings ordered and delivered. The attached 3M x 5M 
card, used for keeping a record of the heats, would give the nec-, 
essary information for posting v/hen turned into the office. This 
small card should be filled out during the time of taking the heat 
and could also be used in connection with the heat record sheet, 
which is used for keeping a summary of the heats taken during the 
semester.
Such a record as outlined above would enable the in­
structor to know what castings are needed, the number required,
• - ..................... " .........— ....... .............. ........................................~ .........................................................  ........................................................ .............................
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Heat Record Card
HEAT MO d/vte; ______________________
CHARGE IN POUH&jS C/^ STI ne*S in POO NO.s
COKE PIG IRON &<ZF\* P Goo Cd SC.R AP $N?I/ES HBFVSt:
light u p IR on MCLTETD
BLA ST OH IRON TO FU EL
first mom WEf^HEO BAC. R
DRfiPP^n GO a O Cs'TGS.
LOS^
Front of Card - Filled out by foreman at 
time of taking heat.
<3,000 CASTINGS
liftME WEIGHT N A ME WÉTI6 HT
Back of Card - Filled out by foreman when clean­
ing floor, and turned into the office when 
completed.
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T O T A L . R E C O R D  OF~ H ETATS P U R ir t G -------------------„ S C H E S T E R ,
/V o . PATC
T I M E : CH A R G E i n  u & - c a s t /n q s  in» f>ocy 1 l
n
TOTAL
L a ss
P W .n C .B H T  
C A s T l  n i& SLI6^ HT* 
U  F>
0UAST 
o m
Fl R5T 
1 ROM
DROPPrO co K£ PI6.1 ROM
3CR/NP
i pt o n
GJOOP SCRAP PfFFZJSE
or amount on hand. In this way, they could generally keep some 
on hand, and not hold up the Machine Shop as is often done under 
the present system.
Machine Shop: With the Machine Shop as arranged now, it
would be difficult to operate a record system as outlined above.
No stock is cut in advance.. The student secures an order for the 
amount desired, and the tool room attendant or the student himself 
cuts it. This would make the entries too numerous and small. 
However, with the proposed new store room, a basement under the rear 
of the building extending the full width, this could be accomplish­
ed. The saws and cutting tools could then be installed in the 
basement. The stock for the standard exercises should be cut and 
placed in racks before required by the students, and a record kept 
* only of the stock as cut. This stock should be cut only on order, 
and by either the tool room attendant or a student assigned es­
pecially for this work, ^n completion, the order with the amount 
cut should be signed and turned into the office, where it could 
be posted on the card. Stock used for special work, and not used 
by the students regularly, would have to be cut as needed. How­
ever, this would not entail many entries, as the amount used in 
a year would be small.
This card would also furnish a means for keeping a record 
of the number of castings received from the Foundry, and used in 
the shop. Also for the steel castings, oil cups, etc. bought by 
the University for the use of the students.
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Forge Shop: The above in relation to the stock room for the
Machine Shop applies equally well to the Forge Shop. The stock 
would have to be cut ahead of time, and a record kept of only the 
stock as cut. The amount used by the individual student is too 
small to be taken into consideration.
There is no way of weighing the coal, and unless scales 
should be installed, no record of this could be kept.
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